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Dear Ms. Browner:

In 1996, the passage of the Food Qualityt&stion Act (FQPA) and amendments to the
Safe Drinking Water Act (SDWA) required EPA to develop a screening and testing strategy for
environmental endocrine disruptors. The Agency established the Endocrine Disruptor Screening
and Testing Advisory Gamittee (EDSTAC) tgrovide advice on the screening and testing of
pesticides and other chemicals for their potential to disrupt the endocrine system. The EPA
subsequently asked the Science Advisory Board (SAB) and the FIFRA Scientific Advisory Panel
(SAP) to form a Joint Suboamittee to review a set of scientific issues being considered by the
Agency concerning the development of the Agency’s endocrine disruptor screening and testing
program as required by the legislation noted above. A Joint Bubitiee (the Joint
Environmental Disruptor Screening Program (EDSP) review Suimitbee) met on March 30-
April 1, 1999, in Arlington VA, and produced this report.

The Charge was broad and complex, posing 18 major questions within four broad areas:
a) scope of the program; b) prioritgting; c) the highttroughput pre-screening approach; and
d) the proposed endocrine disruptor screening program (the etengtharge iprovided in
section2.2 of this report).

At the outset, we wish to note that although our review identified several areas of
concern, and the EDSP has provided recommendations to improve EPA’s planned program, we
wish to congratulate the Agenbyr dealing eféctively with an extrardinarily complex set of
issues, many of which are on the cutting edge of the relevant science. The EDSP’s detailed



response teach element of the Charge carftnend in ction 3 of the ngort, and our major
issues and recommendations are summarized below:

a)

b)

d)

f)

Evaluating the Program: We find no provision for mid-course evaluation or
optimization of theprocess. Although an approach may look fine on paper or in a
small research setting, translating it into a volume-screening mode may be quite
another thing. There was broad support among the Subitefor the concept

that the Agency should convene a panel of independent scientists to review all the
screening datéor 50-100 compounds, with an eye towards revising the process
and eliminating those meads that don’t work.

Mixture Issues: The Subcommittee agreed that the initial focus of thdoakst
development effort must focugcessarily on single compounds and leave the
guestion of testing of mixtures until accepted singleqmaund methods have
been completed.

Case StudiesThe Subcommittee isingly encourages the Agency to include
more and bettedetailed case studies in the evolution of the priority-setting
scheme. This will facilate a realistic test of the plan, checking the sensitivity of
the system and its practicality to prioritgeperly chemicals for further testing.

Sub-population Compartment: The question of the need for a separate
compartment to address sub-populations (e.g., developing children) was addressed
to the EDPS. Our conclusions supported the use of sub-populations as a criterion
within the existing compartments already identified, but not as a separate stand-
alone compartment.

Use of the Integrated Risk Information System (IRIS):The priority testing

scheme relies on the use of several databases summarizing toamevital fate

and effects of chemicals. Several Members of tharGittee &pressed concern
about problems with the validation of IRIS and othatatbases. Bere placing

heavy reliance on these computerized systems, users need to be aware of these
validation problems and pteed with caution Bere incorporating these values
unilaterally.

Exposure: The EDPS believes that consideration of the toxicological implications
of exposure should include both dasedtiming of exposure, particularly with
respect to developmental opreductive events. The current scheme does not



9)

h)

)

K)

adequately cover the time aspect xp@sure and this needs to be remedied
before broad-scale apgdition of the pproach.

Use of Animals and Routes of ExposuréVe are concerned about the large
number of animals that would be needed by the EDSTAC program. The
Subcommittee is cognizant of the essential role animals play in tests to detect
endocrine disruption, and aware that there are no substitutes for tests currently
available for the Tier 2 tests. Thact notwithstanding, the Agency has an
obligation to conserve all resources in developing new testing protocols, and the
use of animals in such tests poses both ethical and prapbtdéms. In addition,

in this role of hazard assessment (as opposed to hazard definition) biologically
relevant routes of exposure are gated.. The current EPA synthesis of the
EDSTAC recommendations is inconsistent on the matteyuté of exposure, but
animal testing should be rested to biologically relevanbutes of exposure.

Need for an Introductory Statement: The previous EDSTAC meeting suggested
that the final document needed, as a introductecya, a description of the
problem or the scientific or health-based reason for the EDSTAC program. The
EDPS urges the EPA’s EDSTAC team to include a description of both the health
and ecological problems assateid with &posure to the endocrine disruptors and
to show how the these findings relate to phegram.

Support for Decisions Decisions about which assays arestdd, and which

protocols are adopted for those assays, should be supporteditasitiinat are
generally available.

Exceptions Testing strategiesilvalways have exceptions. Careasild be taken
to be aware of the imperfect natureaofy future agreed strategy.

Negative Control Agents There is a need to define and agree on some negative
control agents for ED assay validatioAssay specificity W not be capable of
assessment unless such agents can be made available for general study.

Expanding the Universe of AgentsDeveloping massive amounts of screening
information on a large universe of chemicals does aoessarily expedite the
development of the appropte scientificunderpinning that the Agency needs to
broaden this effort. Consequently, the Subgtitee recommends that EPA
should not expand the set of agents until the Agency develops or adotedalid



systems and can provide clear decision criteria.

We appreciate thepportunity to review these proposed revisions, and look forward to
receivingyour response to the issues raised.

e
; s goaqéaiseQﬁé‘i‘P
émence Advisory Board, and

Co-chair, Endocrine Disruptor Screening
Program Review Subcommittee

/sl
Dr. Gene McConnell, Co-chair
Endocrine Disruptor Screening
Program Review Subcommittee



NOTICE

This report has been wien as part of the activities of the Science AoiyiBoard, a public
advisory group providing extramural scientific information and advice to the Administrator and
other officials of the Environmental Rextion Agency. The Board is structuredotovide
balanced, expert assessment of scientific matters relapedlilems facing the Agency. This
report has not been reviewed for approval by the Agency and, hence, the contents of this report
do not necessarily represent the views and policies of the Environmertadti®roAgency, nor
of other agencies in the Executive Branch of the Federal government, nor does mention of trade
names or commercial products constitute a recommendation for use.

Distribution and Availability : This Science Advisory Board report is provided to the EPA
Administrator, senior Agency management, appedpprogram staff, interested members of the
public, and is posted on the SAB website (www.epa.gby/sknformation on its availality is

also provided in the SAB’s monthly newetker Happenings at thectence Advisory Boajd
Additional copies and further information are available from the SAB Staff.



ABSTRACT

The 1996 passage of the Food Qualityt€eton Act and amendments to the Safe
Drinking Water Act (SDWA) required EPA to develop a screening and testing strategy for
environmental endocrine disruptors. The EPA subsequently asked the Science Advisory Board
(SAB) and the FIFRA Scientific Advisory Panel (SAP) to form a Joint Subatiee to review a
set of scientific issues concerning the development of the Agency’s endocrine disruptor
screening and testing program. The review Soimoittee met on MarcBO-April 1, 1999, in
Arlington VA.

The Charge was broad and complex, posing 18 major questions within four broad areas:
a) scope of the program; b) prioritgting; c) the highttroughput pre-screening approach; and
d) the proposed endocrine disruptor screening program

The Subcommittee recommended: a nodise evaluation or optization of the
screening; an initial focus on the methods development effort; the inclusion of moreteame b
detailed case studies; the use of sub-populations as a criterion within the existing compartments
already identified, but not as a separatadtalone compartment; making users aware of
validation problems in systems like IRIS; the inclusion of both doskiming of exposure,
particularly with respect to developmental gon@ductive events; mimizing the number of
animals needed for testing; inclusion of an introducttatesnent; gpport with éta decisions
about which assays areeetled, and whicprotocols are adopted for those assays, should be
with data; be aware of the imperfect natur@ay future agreed strategy; define and agree on
some negative control agents for environmental disruption assay validation; do not expand the
set of agents until the Agency develops or adoptsatalitisystems and carnovide clear
decision criteria.

Although the review identified several areas of concern, we wish to comgeatie
Agency for dealing eéctively with an extrardinarily complex set of issues, many of which are
on the cutting edge of the relevant science.

KEYWORDS: endocrine; hormone; environmental endocrine disruptors; screening; assays;
environmental mixtures.
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1 EXECUTIVE SUMMARY

In 1996, the passage of the Food Qualitytéution Act (FQPA) and amendments to the
Safe Drinking Water Act (SDWA) required EPA to develop a screening and testing strategy for
endocrine disruptors within two years and implement the plan by August, 1999. EPA established
the Endocrine Disruptor Screening and Testing Advisom@ittee (EDSTACunder the
Federal Advisory Camittee Act to advise the Agency on the screening and testing of pesticides
and other chemicals for their potential to disrupt the endocrine system. Consequently, the EPA
asked the Science Advisory Board (SAB) and the FIFRA Scientific Advisory Panel (SAP) to
form a Joint Subaomittee to review a set of scientific issues being considered by the Agency
concerning the development of the Agency’s endocrine disruptor screening and testing program
as required by the legislation noted above. This Joint Suldtee (the Joint Ensonmental
Disruptor Screening Program (EDSP) review Sulitiitee met on MarcBO-April 1, 1999, and
produced this report.

The Charge was broad and complex, posing 18 major questions within four broad areas:
a) scope of the program; b) prioritgting; c) the hightroughput prescreening approach; and d)
the proposed endocrine disruptor screening program (the etar@harge iprovided in gction
2.2 of this report).

The EDSP’s detailed responsestich element of the Chargdasind in £ction 3 of the
report. The major issues and recommendations are:

a) Evaluating the Program: We find no provision for mid-course evaluation or
optimization of thegprocess. The Agency is mandated to assemble and evaluate
this proposed panel of tests and then to implement them, but a correlate
responsillity is to make sure that what’s beidgne is the best that can be.
Although something looks fine on paper or in a small resea&tting translating
it into volume-screening mode may be quite another thing. There was broad
support among the Submmitteefor the concept that the Agency should convene
a panel of independent scientists to review all the screenindoidi@-100
compounds, with an eye towards revising the processlamdating those
methods that don’t work.

b) Mixtures Issues: The Subcommittee agreed that the initial focus of thénoakst
development effort must focugcessarily on single compounds and leave the
guestion of testing of mixtures until accepted singleqpaund methods have
been completed. The Subcommittee concluded thatprergising methods
already exist in the field of ecotoxicology. These include the Whole Effluent
Testing (WET) and Toxicity Identification Evaluation (TIfocedures
developed by the Agency in concert with the Society for Environmental
Toxicology and Chemistry. Those methods have been developed to¢esst eff
effluents and should have dat application to theritlocrine Disruptor Screening
Program.



d)

f)

Q)

h)

Case StudiesThe Subcommittee isingly encourages the Agency to include
more and bettedetailed case studies in the evolution of the priority-setting
scheme. Case studies will enable a realistic test of the scheme, checking
sensitivity of the system and its practicality to prioritize chemicalfurther
testing.

Sub-population Compartment: The question of the need for a separate
compartment to address sub-populations (e.g., developing children) was addressed
to the EDPS. Our conclusions supported the use of sub-populations as a criterion
within the existing compartments already identified, but not as a separate stand-
alone compartment.

Use of the Integrated Risk Information System (IRIS) The priority testing

scheme relies on the use of several databases summarizing toareevital fate

and effects of chemicals. Several Members of ther@ittee &pressed concern

that there are numerous problems with the validation of IRIS and aitedyabes.
Before placing heavy reliance on these computerized systems, users need to be
aware of these validation problems andcged with caution Here incorporating
these values unilaterally.

Exposure: The EDPS expressed concern that consideration of the toxicological
implications of &posure should include both dosedtiming of exposure,
particularly with respect to developmental gon@ductive events. The current
scheme does not adequately cover the time aspexposere and this needs to

be remedied before broad-scale aggilon of the pproach.

Animal Tests and Routes of ExposuréWe are concerned about the large

number of animals that would be needed by the EDSTAC program, and there is
significant international concern on the proposed use of animals for such
screening. The Subcommittee is cognizant of the essential role animals play in
tests to detectrelocrine disruption. There are no substitutes for tests currently
available for the Tier 1 and Tier 2 tests. This notwithstanding, the Agency has an
obligation to conserve all resources in developing new testing protocols, and the
use of animals in such tests poses both ethical and praottééms. In this role

of hazard assessment (as opposed to hazard definition) biologically relevant routes
of exposure are indated(oral gavage, diet, ater, inhalation, skin painting). At
present, use of the subcutaneous injection or intraperitoneal injeatitas are
recommended in thequest of increasing assay sensitivity. In fact, irrespective of
the outcome of this suggestion it should be noted that the current EPA synthesis
of the EDSTAC recommendations is inconsistent on the matteutd# of

exposure, and that al animal testing should use only biologically relevant routes..

Need for an Introductory Statement: The previous EDSTAC meeting suggested



that the final document needed, as a introductecya, a description of the
problem or the scientific or health-based reason for the EDSTAC program. The
EDPS urges the EPA’s EDSTAC team to include a description of both the health
and ecological problems assateid with &posure to the endocrine disruptors and
to show how the program egés to these findings.

i) Support for Decisions Decisions about which assays aresedd, and which
protocols are adopted for those assays, should be supportectaitinat are
generally available.

)] Exceptions Testing strategiesilvalways have exceptions. Careasild be taken
to be aware of the imperfect natureaofy future agreed strategy.

k) Negative Control Agents There is a need to define and agree on some negative
control agents for ED assay validatioAssay specificity W not be capable of
assessment unless reliable agents can be made available for general study.

) Expanding the Universe of AgentsDeveloping massive amounts of screening
information on a large universe of chemicals does aoessarily expedite the
development of the appropte scientificunderpinning that the Agency needs to
broaden this effort. Consequently, the Subgtitee recommends that EPA
should not expand the set of agents until the Agency develops or adotedhlid
systems and can provide clear decision criteria.

Although the review identified several areas of concern, and the EDSP has provided
recommendations to improve EPA’s planned program, we wish to corgeatiné Agency for
dealing effectively with an extaadinarily complex set of issues, many of which are on the
cutting edge of the relevant science.



2. INTRODUCTION

2.1 Background

Chemicals which may interfere with endocrine system functioning (endocrine disruptors)
have concerned the U.S. Environmentat®ction Agency (EPAjor some time. Such chemicals
have the potential to impact human and wildtigulations. A variety of human health and
ecological effects have been attributedndarine disruptors.

In 1996, the passage of the Food Qualitytéution Act (FQPA) and amendments to the
Safe Drinking Water Act (SDWA) required EPA to develop a screening and testing strategy for
endocrine disruptors within two years and implement the plan by August, 1999. The legislation
cites the Federal Insecticide, Fungicide, Ruodlenticide Act (FIFRA) and the Toxic Substances
Control Act (TSCA) as the twdatutesunder which EPA should implement an endocrine
screening and testing strategy. EPA establishedndedtine Disruptor Screening and Testing
Advisory Canmittee (EDSTACunder the Federal Advisory @mnittee Act to advise the
Agency on the screening and testing of pesticides and chemicals for their potential to disrupt the
endocrine system.

Consequently, the Science Advisory Board (SAB) and the FIFRA Scientific Advisory
Panel (SAP) were asked to form a Joint Sulmdtee to review a set of scientific issues being
considered by the Agency concerning the development of the Agency’s endocrine disruptor
screening and testing program as required by the legislation noted above.

2.2 Charge

The specific issues to be addressed by the Joint Buhitiee are:

a) Scope of the Program

1) The amendments to the Food QualitytBetion Act (FQPA) and the Safe
Drinking Water Act (SDWA) mandate ougport the development of a screening
program that vll determine whether pesticides and certain drinking watenice
contaminants “may have an effect in humans thaingas to an eféctproduced
by a naturally-occurring estrogen, or other such endocrieetedt the
Administrator may designate.” Very early in its deliberations, EP Adderine
Disruptor Screening and Testing Advisoryr@ioittee (EDSTAC) determined that
there was both a strong scientific basis and fdigilconsidering time and
resource constraints, to expand the scope of the screening program to include the
androgen- and thyroid-hormone systems, and to include evaluation of the
potential impact on wildlife as well as on human health. EPA agrees and is
developing a screening program which incogtes these modification®oes the
Joint Subcommittee agee that this expanded scope is appropriate to serve as
the starting point for the Endocrine Disruptor Screening Program (EDSP),



2)

3)

4)

given the understanding that the framework for the Program can support for
further expansion at a later date?

The FQPA and SDWA identify a universe of substances that should batedalu

in a an EDSP. EDSTAC noted that there exist many other substances in addition
to pesticides and certain drinking wateusce contaminants that may exhibit
endocrine-disrupting potential. They recommended that the “categidol” for

the EDSP include substances on the Toxic Substances Control Act (TSCA)
Inventory, certain complex environmental mixtures as well as non-pesticide food
additives, cosmetics and nutritional supplements. EPA agrees that there are
substances in addition to pesticides and certain drinking waisres

contaminants that warrant consideration for inclusion in the EO3#es the

Joint Committee agree that this expanded universe alubstances should be
included in the EDSP process, at a minimum in the priority-setting phase,

and continuing on if a potential for concern is identified?

FQPA contains a provision which would exempt from the EDSP “any biological

substance or other substance if the Administrator determines that the substance is

anticipated not tproduce any eéfct in humansisilar to an eféctproduced by a
naturally-occurring estrogen” or, presumably, “such other endocriaetef$ the
Administrator may designate.” EPA has identified some chemical categories that
may be candidatder exemption. Examples include certain polymers with a
number average molecular weight (NAMWggter thari 000 daltons, certain

List 4 pesticide inerts such as cookie crumbs, strong mineral acids and bases,
which are most likely to interact with tissue at gugtal of entry giving rise to
localized lesions rather than systemic effects, certain biopesticides such as plant
pesticides or microbials or non-chemical pesticides such as parasitic \Reasss.

the Joint Committee agree that there are categories of pesticides and other
substances that should be exempt from the EDSP? In addition to the

examples noted here, are there additional categories that should be

considered for exemption?

EDSTAC concluded, and EPA agrees, that there are important complex
environmental mixtures that deserve inclusion in the EDSP. EDSTAC
recommended that EPA include in the EDSP representative mixtures to which
large or identifiable key segments of the population (e.g. children) are exposed.
They suggested that high-priority mixturategories include: Chemicals in breast
milk, phytoestrogens in soy-based infant formulas, mixtures commonly found at
Superfund sites, common pesticideffedr mixturesfound in ground and surface
water, disinfectiorbyproducts, and gasoline. EPA proposes to screen and test (if
approprate) one representative mixtdfrem each cateqy, after it confirms that
the screening and testing components of the EDSP arestdisffor the

handling of single substances.

A) Is the proposal a reasonable way to address the practicality of

5



screening and testing mixtures?

B) Are the six categories of mixtures the most appropriate to address
first?

C) Are there other mixture categories that should be included in addition
to, or instead of those identified (Note: During the May Cosultation,
it was suggested that mixtures found in fish tissue, benthic sites and
eggs of Great Lakes birds should replace gasoline as a priority
mixture).

D) Can/should standardized representative mixtures be developed? If so,
how should the chemical combinations, ratios, and doses be selected
for mixtures?

E) If a mixture is positive in the screening tier, should the whole mixture
be tested in the testing tier or should only the active component(s) in
the screen(s) be tested in the second tier?

b) Priori ty-setting

1) EDSTAC recommended a component-based approach to prietiilygs EPA
agrees that this is the apprate framewrk. Under this approach, EPA will
group chemicals into sets, based on the existen@cnfdl hformation in a given
area. Thus, priority ranking can be made fairly among substances, i.e., chemicals
will competefor priority with others on the basis of comparald¢adand W not
be assigned lower priority for lack of informatioAre these principles and the
component-based approach to priority setting reasonable? Are there other
approaches that would be more useful?

2) EPA is developing a relational database to assist in developing priorities for
screening. The relational database is intendedgorinexisting dta and allow its
synthesis, as well as the estimation of certain paramétersgh modeling. The
relational database was considered to have great value in helping to identify the
specific compartments under the EDSTAC’s component-based priettitygs
approach. Theatabase W also be hgbful in sekcting chemicalfor the first and
subsequent rounds of screenifMjould the Joint Subcommittee comment on
the approach and provide additional insights to improve the content of the
relational database or its implementation?

c) High Throughput PrescreeningApproach

1) EDSTAC recommended, and EPA proposes to implement a prietiiygs
strategy that includes initial sorting based on an examination of existing
information. This initial sorting sategy leads téour possible outcomes: i)
polymers; ii) chemicals with sufficientati toproceed to testingj)chemicals
with sufficient cata toproceed to hazard assessment; and iv) chemicals with
insufficient data, which presumably, would go into the screening phase. EPA
anticipates that a large number of substanciksnd up incate@ry iv-chemicals

6



with insufficient data. Toprovide at least a minimum number of biologicatalto

assist in the sorting process, EPA proposes to conduct High Throughput
Prescreening on a significant number of substances (perhaps, as many as 15,000),
usingin vitro assay systems incorporating transcripti@eivation or r@orter

gene systems for the estrogen-, androgen- and thyroid-hormone systems.

A) On the assumption that the technology can be shown to be
applicable to the large number and wide range of chemical
substances under consideration, andithieed relevant test data
which are available for many industrial chemicedghis a
reasonable approach and sorting strategy to support priority
setting?

B) EPA has been funding a pilot study, using about 80 chemicals, to
determine the applicdity of the high hroughputtechnology in a
prescreening component of the ED8Rsed upon your review of
the data developed to date, does the JoiBubcommittee
believe that this technique can be used as a prescreening
device? If rot, what modifications/improvements must be made
in order to assure its usefulness?

d) The Proposed Endocrine Disruptor Screening Program

1)

2)

3)

EPA is proposing to develop and implement an Endocrine Disruption Screening
Program that consists of two phases. The first phase is screening, currently
consisting of eight components. The second phase is testing, currently envisioned
to have one to five components, depending upon the need for identifygctseff

in various sectors of the animal kingddsnit reasonable and appropriate to

develop and implement a two-phase program, the first phase focused on
identifying a substance’s potential to interact with one or more of the three
hormone systems, the second phase to characterize the effects of concern that
interaction with these hormone systems might elicit?

EDSTAC recommended, and EPA proposes to implement, a screettiagyb
consisting of eight assays, thrieevitro and fivein vivo, to address estrogen-,
androgen- and thyroid-hormone systeneef$. At the time (a year ago or so) and
continuing to today, based upon our knowledge of thieesf-the-science, the
Agency believed that these eight assays, once validated and standardized, would
detect all substancesrcently known to inteact with the threbormone systems

to be covered in the PrograBoes the Joint Subcommittee age with this
assessment? If not, what changes should be made in the battery ssare the
identification of substances of potential cocern?

Interaction with a receptor is the principal or key mechanism by which substances
exert their effects on the estrogen- andragen-hormone systems. This appears

7



4)

5)

6)

7

NOT to be the case for the thyroid-hormone systarhght of this, does the
Joint Subcommittee telieve that there is adequate coverage of the thyroid
provided in the proposed screening éttery? If not, what modifications
should/could be made?

EPA would prefer to have a screening battery which included assays containing
anin uteroor in ovoexposure component, given itegt and continuing concern
about the potential for eftts on the developing vertebrate organism. At the time
the proposed screeningtbery was being assembled, EPA was not aware of the
existence of any such screelssthe Joint Subcommittee aware of any such
assays that may exist or are under development that could supplant or
complement one or more components of the proposed screenirgttery?

EDSTAC recommended, and EPA would prefer, for efficiency and cost reasons
given the numbers of substances that may be involved in the EDSP, to conduct
each in vivo screening assay using only one dose, withpfre@rate use of

range finding studies and other information to inform dosecteh. Does the

Joint Subcommittee agee with this approach, and if rot, what suggestions

would it have to modify the approach, keeping pace, volume, cost and
efficiency in mind? What would be thepublic health consequences of these
false negatives?Note: At the May consultain, some members raised concern
about relying on a single dose and suggested that a minimum of two doses, and
perhaps even three, be used to ensure that the screens do not yield false negative
results.It has also been suggested, elsewhere, that this issue could/should be
solved during validation/standardization.).

EDSTAC recommended, and EPA is proposing, a testing phase in the EDSP

which could have as many as five components (i.e. covering mammals, birds, fish,
invertebrates and amphibians). Each test would be designed to delineate the dose-
response relationships of eétts of concerfor chemicals which yielded positive

results during the screening phase. The testing protocols to be used are either
upgrades or modifications of existing guidelines, exéapthe amphibian. In this

case, a protocol is being developed de n®aes the Joint Subcommittee

believe that these test prtocol designs Wl provide sufficient rigor to identify

effects of concern and establish their dose responses for disruption in the
estrogen-, androgen- and/or thyroid-hormone systems?

There could be circumstances in which substances bypass the screening phase,
and go directly into the testing phase. EPArposing for those cases that the
chemical under evaluation be tested in all five t&3t®s the Joint

Subcommittee lelieve that the tests in the testing phase will be adequate to
detect all known critical endpoints in the estrogen-, androgen-, and thyroid-
hormone systems? If not, what modifications should be made?



8)

9)

10)

If the results of any of the testing phase tests are negatiag, if any,

additional screening or testing should be aalucted to assure that the
chemical is not an endocrine disruptor in the estrogen-, androgen- or thyroid
hormone systems of that sector of the animal kingdom?

Testing phase tests will identify effts of concern that are the consequence of
endocrine disruption. They may also identifyeetls of concern that are not the
consequence of endocrine disruption. Thus, it may not be possildéstonthe if
a substance is an endocrine disruptor if it has not beeacsedjto some or all
components of the screeningttiay. Is it important to be able to identify
substances as endawine disruptors from the standpoint of conducting a
hazard assessment. If so, why? If not, why not?

EPA is proposing a validation program in which the maximum validation effort
will consist of @nductingeach assay in threeblaratories. EPA believes that
there currently is a wide variation in thiate of validation of each of the

proposed screens and tests, and that the validation efforts should be tailored for

each assay/test amdingly. EPA plans to focus first on the validation of the
mammalian assays as they are both better developed thaortmeammalian

assays and are more directly relevant to meeting the FQPA and SDWA mandates

for a screening program for potential human healtlactgp EPA’s prieminary
assessment of the work needed is as follows:

The uterotrophic assay requires the development of a standardized
protocol but may need little or no additional laboratory/protocol

development effort since the assay has been in extensive use for many
years.

The Hershberger assay may require some, but not much, additional
laboratory/protocol development in addition to standardization.

The pubertal male and pubertal female assays need some additional
developmental work andilwequire the full regime of interlaoratory
validation.

The mammalian two-generation reproduction tektraquire limited
testing in one laboratory to vadite the newmdpoints since the basic
protocol is already considered to be valid.

Both of the non-mammalian screens and some of the non-mammalian tests

will require the full validation regime; some will requitgther pre-
validation development (e.g. amphibian test).



11)

The mammalian two-generation test will require limited testing in dvearddory

to validate the newrglpoints since the basic protocol is already considered to be
valid. All of the non-mammalian assayslwequire the full validation regime and
some will requirdurther pre-validation developmenRoes the Joint Committee
agree with the Agency’s assessment of the currertagus of the screens and
tests? If not, what is the Joint Committee’s own assessment of aryyeen or

test which differs from EPA’s, and what is the basis for your opinion?

Does the Joint Subcommittee have any other suggestionsrecommendations
that would help EPA meet its charge?
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3. DETAILED RESPONSE TO THE CHARGE

3.1 Scope of the Program

The amendments (1996) to the Food Qualitytéation Act (FQPA) and the Safe
Drinking Water Act (SDWA) mandate ougport the development of a screening program that
will determine whether pesticides and certain drinking waterce contaminants “may have an
effect in humans that isnsilar to an eféctproduced by a naturally-occurring estrogen, or other
such endocrine edtt as the Administrator may designate.” Very early in its deliberations,
EPA’s Endocrine Disruptor Screening and Testing AdvisomQidtee (EDSTAC) determined
that there was scientific basis for expanding the scope of the screening program to include the
androgen- and thyroid-hormone systems, and to include evaluation of the potertclomp
wildlife as well as on human health (EDSTAC, 1999). EPA agrees and is developing a screening
program which incorpates these modifications. Secti@4.1 through 3.4.4 address significant
issues in designing the screening program

3.1.1 The proper Scope for the Endwine Disruptor Screening Program (EDSP)

The initial element of the Charge (a) (1) for this review asks if the Joint Suhitee
agrees that this expanded scope is aptgpto serve as the starting pdimt the Endocrine
Disruptor Screening Program (EDSP), given the understanding that the framework for the
Program can support further expansion atterldate.

Expansion of the scope of the program under the FQPA and the SDWA from simply
estrogen-like effects on human health na@gen and thyroidctive conpounds is reasonable.
This expansion raises the sights above that demanded by the authorization language, but is
clearly within the guidance provided.

The EDSTAC review of endocrine effts recognized that issues relatedrdoerine
disruption are even broader than the thoatgories identified (EDSTAQ998). However,
there will be significantechnical difficulties in addressing estrogen, androgen and thgectice
compounds. Further expansion at this stage in the development of the program would have
created an unmanageable task. Neverthele$mutdbe recognized that modiition of the
activity of otherhormonal systems can be as important, or perhaps more important, than the
systems identified. Moreover, the technology to begin integrating these systems is now becoming
available. Overall, the proposed framework should enable the agency tatekagwledge of
these systems and assay technigues as they mature.

The expansion of the concerns to the broader environmental concerns over endocrine
disruption is not only appromte, but crucial. Modifications in peoductive and developmental
processes in the environment have beeated|to edocrine disruption. Experience has shown
that effects on wildlife and ecosystems are seéoréehere is any significant impt in humans,
particularly for chemicals that laecumulate. It isnforturate that effects opopulations in
actual ecosystemsmaot be pactically included in th@rogram lecause in some cases these
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have been most sensitive measures for agents of this type. Consequently, there are substantive
reasons for expanding the scope to non-human species. As with the expansion to the androgen
and thyroid hormone systems, however, it is important to recognize that this furthecataspli
implementation.

The Joint Subcommitteexpressed considerable concern with ex$go whether the
program is focused on the critical endpoints. The focus on the endocrine system is very much a
focus on mechanism(s) that do not necessarily relate in a holistic manner to the adverse health
and environmental edtts that are of ultimate corree In general, the major concern for
endocrine disruptors are etfts omnormal reproduction and development that also extend to the
induction of certain kinds of cancer. Deviations in endocrine levels in eitleetidim can have
biological consequences, although the consequences can be beneficial as well as detrimental in
some cases. Each alteration needs to viewed in terms of the totality of the datantiodime
disruptions, as chacterized by interactions with these thh@@mone systems, are not the only
way in which such effects can peoduced. As a consequence, there is some inversion of the
normal decision logic that makes it crucial that a concise working definition of endocrine
disruption be developed. The EDSP is being developed on the apparent assumption that most
compounds that a#tt the threeraocrine systems identified are likely to be of toxicological
concern. Secondary testinglwe triggered based diroad-based screening. However,
significantly more thought must be given to identifying quatitie “trigger points” as well as the
guestion of whether the response is positive or not. These might include an exclusion based on
excessive doses required to induce the effect or a requiréonenininimum level of response in
the test system. The most important issue is to identify the magnitude and perhaps the duration
of a response. Most of this difficulty could be taken care of by crafting a more concise definition
of what constitutes endocrine disruption. This could possibly be done by adding a phrase to the
endocrine disruption definition thattases *.. reproducible effcts on anymdocrine sensitive
system impairing successful reproduction and development ..." ” Broader definitions could also
raise issues relating to carcinogenesis or the ability to maintain haimiebalance in rgonse
to biotic, chemical and physical stresses. Extension of such definitions inevitably leads to
complications in the application of the test scheme.

The Joint Subcommittee also identified a need to establish-going review of progress
of the EDSP. There are both methodological and indéapve issueswolved. The
methodological issues are more straightforward, involving a process for reviewing new screening
and testing methods for incorporation or substitution for current methods. Theedtagver
problems have more to do with how thegta are going to be applied togroving environmental
protecton. EPA put in a heroic effort in reviewing the available methodology and putting
together a framework based on that methodology. They have addressed many of the
interpretativeproblems that evolve from the current structure in the EDSTAC report (EDSTAC,
1998; Federal Register, 1998). It is not as clear how these processes are to be moved forward in
a rational way. A regular plan to revisit both the methodological and ietate issues can be
used as a vehicle to stimulate tpabgress.
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3.1.2 Use of the expanded set of Agents in the EDSP

The FQPA and SDWA identify a universe of substances that should batewvhio an
EDSP. The EDSTAC report (1998) noted that there are many other substances in addition to
pesticides and certain drinking wateusce contaminants that may exhibit endocrine-disrupting
potential. They recommended that the “candigaia” for the EDSP include substances on the
Toxic Substances Control Act (TSCA) Inventory, certain complex environmental mixtures as
well as non-pesticide food additives, cosmetics and nutritional supplements. EPA agrees that
there are substances in addition to pesticides and certain drinking ewtss sontaminants that
warrant consideration for inclusion in the EDSP. Charge element (a) (2) asked the Joint
Committee to comment on the use of an expanded universe of substances in thedebSR
both in the priority-setting phase, and continuing on to later phases if a pdant@ahcern is
identified.

Expansion of the scope of the mandated efforts under the FQPA and the SDWA
makes sense only if EPA has developed or adopted validated systems and can apply clear
decision criteria for expanding (or not expanding) the effort. Under such circumstances there
would little reason to exclude additional chemicals from consideration. At the present time,
however, this particular expansion seems to add a level of complexity that may be
counterproductive. The Submmittee’s concerns ari$eom considering what the underlying
objective(s) of a screening and testrggram are in the environmental programs administered
by the EPA. The ultimate goal ispootect health and the enenment from adverse eftts. In
one sense, the Agency is to be congratultdedttempting to focus on thedocrine disruptor
issue, because it does move them in the direction of identifying and peartdgystanding more
subtle environmental hazards. However, ifdlcé@vity loses its onnectivity to recognized or
newly described forms of compromised health and ecologictsffit Wil difficult for the
program to establish a solid rational basis. Expanded consideration of diverse types of candidate
“endocrine disrupting” chemicals has the potentialeifigg ahead obur knowledge of the risks
actually represented by screening and testing of large numbers of chemicals. The interest in how
modified cellular function leads to adverse effects is a necessarystded in improving
hazard identification and risk assessment. These advancements must be built on careful
development of the science that establishes clear causal associations between new testing tools
and adverse impacts. The precedent that could be peirfyying mechanisms without regard to
effect can not only greatly increase the expense of testimgadticts, it can compromise
confidence in the screening program thditeventually have to include all aspts of @docrine
functions represented. The application of these tests to a wide variety of chemicals (as many as
15,000) has the potential for building upaalbase, but not necessarily increasing our
knowledge about the significance of anyeetf that are observe@onsequently, we believe
that the most important area on which to focus resources is that intended to improvktyur ab
to establish clear causal connections betweponsire and eficts in target organisms, rather
then expand the number of agents in the screening program.

This point may be illusated by considering some multifacef@dblems that could
evolve from the EDSP in the form of questions some of whiclhe&elly discussed in the
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report. Is the intent to focus entirely onedit effects mediatedhitough recognized estrogen,
androgen and thyroiceceptors? How ilvindir ect effects on thenelocrine eceptor be

identified? Are indirectly mediated effects on the estrogeniragenic and thyroid systems to

be handled differently from a risk assessment standpoint? The High Throughput Prescreening
System (HTPS) is unlikely to detect indirect effects. However, thisgmayde the only data

that is available on most of those chemicals. Are the ones that are “negative” then neglected?
Their ability to harm health and the emoriment has not been evatad. Reporter systems can
only dependably detect those interactions that are mediated at the level of ther reldepty

results from higher level tests are likely to arise from theseciciaffects. Does the inility of

seeing the effect on a cellular system containingarter system linked to the hormone

response element provide a rationale for dismissing endocrine disruption as a mechanism that is
likely to be active at low doses? What if the stehmdmone response isimicked by a

membrane hormone eit, as has been demonstrated with Epidermal Growth Factor? Where
does mechanism of action fit into tipsocess and how does it modify perceived risks at low
dose?

On the other hand, there is the clear long-term advantage of beginning to focus on the
association of adverse health impacts with modificatioh®mmonal control mechanisms. If an
adverse effect of a chemical can be clearly associated withdmcrne eféct(or any other
biochemical/molecular response that can be cleadyaélto adverse effects), the dosgpoese
relationships can be explored across test systems and into the impacted species. Thus, the
impacts of low dosexposure to environmental agents can be explorecemigr detail and with
greaterunderstanding. This is true, however, only if the healttactgpthat are associated with
changes are understood in fairly explicit ways. Developing massive amounts of screening
information on a large universe of chemicals does aoessarily expedite the development of
the appropate scientificunderpinning that the Agency needs to broaden this effort.
Consequently, the Subemnittee recommends that EPBAasild not expand the set of agents until
it has validated systems and can apply clear decision criteria.

3.1.3 Exemptions from the EDSP

The 1996 Food Quality Prection Act (FQPA) contains@rovision which would exempt
from the EDSP “...any biological substance or other substance if the Adminisetgonohes
that the substance is anticipated ngbrteduce any eéct in humansisiilar to an effect
produced by a naturally occurring estrogen” or, presumably, “...such other endo&ciaasff
the Administrator may designate.” EPA has identified some chemical categories that may be
candidate$or exemption. Examples include certain polymers with a number average molecular
weight (NAMW) greater thari000 daltons, certain List 4 pesticide inert substances (such as
cookie crumbs, strong mineral acids and bases), which are most likely &zitth tissue at
the portal of entry giving rise to localized lesions rather than systemic effects, certain bio-
pesticides such as plant pesticides or microbials or non-chemical pesticides such as parasitic
wasps. In Charge element (a) (3), EPA asked if the Joint Bubitiee agreed with the
Agency’s position that there are categories of pesticides and other substandesuitidies
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exempt from the EDSP. The Subumittee was also asked to identify any additional categories
that should be considered for exemption.

The Subcommittee believes that there are clearly categories of chemicatothdt®
exempt. However, the boundaries between those compounds that would be exempted and those
that would not must be carefully considered. The selecti@®@d daltons as a cutoff for
polymers based on nominal molecular weight appears to have preaadenfTSCA, but the
scientific justificationfor thislimit was notprovided. Many compounds with molecular weight
approaching 500 are known to have biologaaivity. Presumably this precedent!allow
polymers with as much as 10% of their total mass to be 500 daltons or less. A more concise
statement of the scientific reasfam taking the specifiaction on polymers would have been
useful. Clearly, there would be rationales for dismissing other types of chemicals (e.g. amino
acids, fatty acids, sugars that are panarinal diets) from the EDSP.

The Joint Subcommittee did not pesid to the second issue of this Charge element. We
did not think it appropatefor the Subcomittee to identify additional classes of chemicals for
exemption. The Subaamittee suggests that the Agency consider handling of exemptions
through a rule making process that is transparent and open to public comment.

3.1.4 Mixtures

EPA recognizes that there are important complex environmental mixtures that deserve
inclusion in the EDSP. Consequently, EPA plans to include in the EDSP reptesemixtures
to which large or identifiable key segments of the population are exposed. Initial choices for
these high-priority mixtureategories include: chemicals in bremgk; phytoestrogens in soy-
based infant formulas; mixtures commonly found at Superfund sites; common pestididerfert
mixtures found in ground and sade water; disinfectiobyproducts; and gasoline. EPA
proposes to screen and test (if appieel) one representative mixtirem each cateqy, after
it confirms that the screening and testing components of the EDSP amcsaiysfor the
handling of single substances.

For this review, EPA asked (in Charge elements (a) (4) (A-E)) if the proposal is a
reasonable way to address thaqticality of screening and testing mixtures; if the chosen six
categories are the right ones tieess first; if there other mixtuoategories thatwuld be
included in addition to, or instead of those identified; and if standardized representative mixtures
be developed. The Agency also sought advice on dealing with those mixtures found to be
positive in the screening tier, asking if the whole mixture should be tested in the testing tier or
only the active coponent(s) identified in the screens(s).

The recommendations for handling mixtures are outline@ati®& VIl of Chapter 4 of
the EDSTAC Final Report (EDSTAC, 1998) and were discussed by EPA staff and were the
subject of several commeritem the public during the Subgunittee’spublic meeting.
Although there was general recognition of the key importance of mixtures as a part of the overall
EDSP, there were concerns about thet@&nprocess, the experimental design for testing the
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mixtures, and the ability of the Agency to exatliand intgpret the results of the studies and to
effectively communicate thigformation to the risk managers and the public. There was a
consensus by the Subcommittee that the mixtures section of the EDSTAC document needed to
be re-worked and there were several public comments recommending that mixtures not be
included in the program.

The Subcommittee suggests a poomise proposal: delay starting the mixtures testing
program until most of the single agent testing was cetegl This would have two advantages;
first it would provide a more extensivatd base to use in selecting mixtui@stesting; and
second it would enable the Agency to benefit from some of the current efforts underway with
pesticides (within EPA and by outside research groups) to improve ibiyr taldefine and test
mixtures. The Subcommittee recognizes that the Agenayrierdly testing some mixtures
(wastewater, cholinesterase inhibiting pesticides etc.) and that relatively little effort would be
required to incorpa@te these into EDSP. We are also aware of studies that compare the effects
of mixtures having independent actions with those having identical actions as a way to
characterize the risk assessment of mixtures (a@ad, 1998; Feroret. d., 1995;
NAS/NRC/CQOT, 1989). ignilar approaches could be used to standardize omlacharize
mixtures for testing in the EDSTAC program and would provide more irtiaiple results than
those proposed in this report.

The EPA’s final question in the mixtures sectialdgessed phase 2 testing of mixtures
and/or the components. The Sulroittee believes that would Ipeudent to test both the
mixture and its components.

3.2 Priority Setting
3.2.1 The Component-basedpproach to Priori ty-setting

The EDSTAC report (1998) recommended a component-based approach to priority-
setting. EPA agrees that this is thppeoprate framewrk, and plans to group chemicals into
sets, based on the existence of factufarmation in a given area. Thus, comparisons can be
made between like substances (i.e., chemicals will etahpr priority with others on the basis
of comparable data andlwot be assigned lower prioritpr lack of information). In Charge
element (b) (1), EPA asked the Joint Subouttee to comment on the principles of the
component-based approach to priorggtmg, and to suggest any oth@peoaches that would be
more useful.

The Subcommittee finds that this@oach is supportable when ranking is basecboth
effectandexposuredata following guidance in NRC and EPA risk assessment literature (NRC,

This approach first assigns environmental toxicants into four categories (based on available data): a)
Specially targeted priorities; b) Exposure-related information; c) Effects-related information; and d) Integrated Effects
and Exposure. Components (or sets) are defined within each category, into which agents are assigned on the basis of
exposure and/or effects information. The individual agents are then ranked within each component
from highest concern to lowest concern to set priorities for eventual Tier one screening.
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1994, 1983; EPA 1997, 1992, 1986). Theagest weightl®uld be given to chemicals for which
we have data that indicates actual human orenniental exposure and effts. Lower weight
should be given to agents for which thetalare indicative gfrobable &posure (in food or
drinking water) oprobableeffects(from well condeted animal studies). The lowest weight and
priority ranking should be given to chemicals for which th&adare indicative gfossible

exposure (based on Toxics Release Inventats drknown high production volume) @ossible
effectsfrom (in vitro research or from Structure Activity Research). The Suititiee sipports
the nomination concept (i.e., the process of identifying (“nominating”) probable/possible
exposure or probable/possibleegfts as notedomve by citizens who are disproportaaly
exposed bcause of thergup or community to which they belong, @dause an ecosystem is
disproportiomtely exposed (EPA, 1999)) but advises the Agency that the process needs further
definition and that no unsubstantiated claims be allowed.

The Subcommittee is concerned that the prioritizgtimtess is not as "transparent” as it
needs to be for public understanding. Also, concern was expressed at the pabhig that
health care professionals (both personal health clinicians and public health) may not understand
EPA's process, intent, and implementationhods, especially in the context of their own work.
Communication at this level needs timve, or the resultsiivbe valueless. Additional
concern was expressed that the process appears to have undue emphasis on chemistry and
toxicology, with

less clear emphasis on health effects. In supnmaioritization should be based on a sound
scientific basis.

Other than the comments provided above, the Subtttee has no suggestions for
alternative approaches.

3.2.2 The Relational Database arf@riority Setting

EPA is developing a relational databaseassist in developing priorities for screening.
This database is intended topiant and synthesize existingtad, allowing EPA to estimate
certain parameterfitough modeling. It is exgeted to have great value in helping to identify the
specific components under the EDSTAC’s component -based prietiitygsgpproach. The
database Walso be hgbful in sekcting chemicalor the first and subsequent rounds of
screening. The EPA asked the Joint Subcommittee to comment oppifuaeh, and to provide
advice to improve the content of the relatioratladbase or its implementati¢@harge element

(b) (2)).

The Subcommittee believes that ffreposed relationaladabase showsrenhg promise of
being a useful tool, as long as it does prove to be truly relational This step is the very core of the

2 Such a database links (or relates) all data elements to each other, allowing a broad range of questions to be
answered. In this case, it would provide a means of relating environmental exposure data with toxicological effects
information.
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risk assessment process and will udtiely provide the most valuable guidance in the priority
setting @proach.

When designing a relational database, it ganant to consider relationships that
accomplish more than simple indexing of gmnent @ta, so that the database is not just a
resource to accessformation on a specific agent. Although this cadlglis valuable in itself,
one needs to consider biologic relationships in modeling the database, so that it can become a
more active investigational tool. For instance, the data need to be collected and organized in a
way that can respond to our growing knowledge in gene sequence at dpeiciind
implicationsfor health and disease. Likewise, ttegalneed to be organized so that
developmental gene networks and other biological hierarchies candxtedfaproprately in
the database. We are movingbed single major riskafctors for particular outcomes and into
the complex gene-gene and gene-environment relationships whigttdreee common diseases
(cancer, heart disease, behavioral disorders, aging This is a very difficult challenge for
genetic epidemiologists and has enormous design and analyticataioifs. Since the type of
information provided by thealabase W aff ect greatlythe interpretation of available data, its
design will inevitably affect prioritization.

The database needs to reflect knowledge throughout the specified organism’s life cycle,
and should be able both to examine longitudinal developmental changes within a system, and to
make cross-sectional comparisons across the organism. The goal is to facilitate creation of a
biologically plausible chain of causal inference. The database also needs to be prepared to deal
with a rapidly growing genetic database on variation in endocrine system-related genes.

The database should be designed so it can be readily interfaced with human health
surveillance data on disorders such as birth defects and cancer. The National Institutes of
Health, the Center for Disease Control, and other agencies are working with states to strengthen
these surveillance systems, and in some states (e.g. lowa) these systems have been constructed
together with environmental quality databases. These have been used for aggregate (ecologic)
studies of health outcome risk factors. It is expected that such capabilities will be substantially
expanded in the next few years with corresponding implications for priority setting.

Priority setting should also address those persons or organisms found to be "most
susceptible”, but not be limited to this subpopulation alone. There needs also to be focus on
population disease burden. Individual rare genes may be major risk factors for a few persons,
but may contribute less to the burden of a disease in a population than do "minor risk factor
genes" which are common in the population.

Finally, there are two important problem which must be considered in using the relational
database gzroposed. The Suboponittee epressed concern that the lack okeets data on the
universe of chemicals currently in commercial udelead to a relational ata base that only
identifies known problem chemicals that are already well studied. Ther8uoiiitee
encouraged the development and use of teeWwniques including quantitative structural activity
relationships, molecular modeling, and androgen binding, in addition talispi(io,,) and other
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measures to help identify the bio-available, potentially activepoamds for further testing in

the EDSP). In addition, we are concerned by potential problems caused by uninformed use of
datafrom EPA’s Integated Riskinformation System (IRIS). The priority testing scheme relies

on the use of several databases (includingRh®) summarizing the environmentaké and

effects of chemicals. Caution wagpeessed by several members of then@iuttee that there are
numerous problems with the validation of IRIS (and otlaaldases as well). Bee placing

heavy reliance on these computerized systems, users need to be aware of these validation
problems and preed with caution bere incorporating these values on theicé value.

3.3 High Throughput PrescreeningApproach

Based on recommendations from the EDSTAC (1998), EPA proposes to implement a
priority setting strategy that includes an initial sorting, based on an examination of existing
information. This initial sorting stegy leads téour possible classiations: i) polymers; ii)
chemicals with sufficientata toproceed to testingj) chemicals with sfficient data toproceed
to hazard assessment; and iv) chemicals with insufficetat, dvhich presumably, would go into
the screening phase. EPA anticipates that a large number of substélrexas wp incategory
iv. To provide biological dta to assist in the sortipgocess, EPA proposes to conduct High
Throughput Prescreening (HTPS) on a significant number of substances (perhaps as many as
15,000), usingn vitro assay systems incorporating transcripti@aivation or reorter gene
systems for the estrogen-, androgen- and thyroid-hormone systems.

In Charge element (c) (1) EPA asks two questions about this approach: first, is this a
reasonable approach and sortingt&tgy to apport priority ®tting?; and semd, based upon the
data developedtough the pilot study toade, can this technique can be used as a prescreening
device, and what modifications/forovements must be made? (Tatdr two questions are
addressed inestion3.3.2, below.)

3.3.1 High Throudhput Technology As A Tool for Priority Setting

EDSTAC has recommended the use of HTPS in order to address the problem that most
chemical substances on the TSCA Inventory have little oateo r@garding their potential to
interact/nodulate/disupt the endocrine system. HTPS is designed to: a) provide priettiygs
information for chemicals to be examined in Tier one Screening (T1S); b) provide aqinasp
on the effectiveness of HTPS relative to otherhmdologies such as QSARs; and c) satisfy the
receptor binding/in vitro genexpression T1S requirement for those chemicals that go through
HTPS.

EPA does not intend to use HTPS data to establismtih@cene disruptingtatus of a
chemical. Nevertheless, there is considerable concern that results from HTieSlve first
available data, andilmhus be (in@proprately) used, resulting in a certain stigma gpriaduct
de-selectin. This is a concern and apprepe measuresisuld be spelled out and taken in
order to ensure that thathfrom HTPS is not misused.
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Unforturately, the EPAfunded demonstration pegt with OSI Pharmaceuticals failed to
sufficiently demonstte the utity of their HTPS systenfor the purpose of chemical sorting and
priority setting of estrogenndrogen and thyroidctive chemicals. The Joint Sulncwmittee
raised several concerns regarding the responsiveness ecti/gglof the assays developed to
date. We believe that tharmently available dta obtainedrom the OSI assays would not be of
assistance in chemical sorting and priority setting. However, it ie®atedged that this was a
work in progress and that, in general, the HTPS approach had merit but required further
development prior to implementati. Therefore, the Joint Subumittee agrees that in
conjunction with other priority setting data, res@iitsn estrogen and androgesceptor HTPS
assays could contribute to chemical priority setprayided the assays are validd and
standardized. The Subcommittee also questioned ititg aftthe thyroid receptor HTPS assay,
since there are no known examples of endocrine disruption that occur as a result of chemical
interaction with this receptor.

The Subcommittee had one additional canc&PA’s plan for increasing the quality of
the assay is appropte, but there appears to be no contingency plan in the event that it is
eventually discovered that the assay is not working. Also, the plan says nothing about a time
frame for making adjustments to the assay, nor at what point it would be prudent to discontinue it
and seek other approaches.

3.3.2 High Throudhput Technology As APrescreening Device

Eight transcriptional activation assays have been recommended by EPA. These assays
include the estrogen receptor (ER) alpha and betanth®gen eceptor (AR), and the thyroid
receptor (TR) in the absence and presence of metabolic activation/detoxification system. The
OSI PharmaceuticafSorporation (under an EPA coatt as notedl®ove) initated a sidy to
determine the feaslity of using AR and TR transcriptionaktivation assays to pre-screen
chemicals in the presence and absence of a metabolic system. Sixty-one chemicals were
examined including known ER or AR agonists and antagonists. The known ER audivR
chemicals were selectedander to span a wide range of potencies. As of March 5, 1999, stably
transfected ER and TR transcriptional activation assays in the absence of metabolic systems have
been used to assess the 61 selected chemicals. A stable AR cell line has been selected and was
used in an initial pilot screen of 16 chemicals.

Following a review of the data and an up to date presentation by OSlpattiice
meeting, the Joint Subounittee believes that the OSI HTPS assays were not ready to be used as
a pre-screen device. The following modificationgliovements are suggested in order to ensure
its usefulness:

a) improve responsiveness andesgivity of assays

b) conduct a thoroughatistical analysis of the results to identify significant
chemical effects on gengmression
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C) validate and standardize all HTPS assays using a training set of lagmmtsto
be either positive or negative with regard to endocrine disruption. Use of this set

should identify the erromte, i.e., the percentage of false positive and false
negative findings.

d) verify the results by comparing to other bench gene expression assays

e) develop assays that would be capable of distinguishing interactions between
estrogen receptors alpha and beta.

f) establish/define criteria for positive, negative and equivocal results

The Joint Subcommittee also made the following suggestions regarding the use of HTPS
assays for the purposes of priorigtting:

a) re-open the bidding process to include other assays éegptor binding) and to
identify additional analytical resources

b) consult with intramural EPA scientists and extramural scientists with expertise in
receptor binding/genexpression assays to evalua¢ésponses to any Agency
request for proposals

C) investigate the development anditytof other HTPS assays such as gene

chip/cDNA array assays and computer modelingeoéptor ligand binding
domain-chemical interactions

3.4 The Proposed Endorine Disruptor Screening Program.

EPA is proposing to develop and implement an Endocrine Disruption Screening Program
(EDSP) that consists of two phases: screening, currently consisting of eight components, and
testing, currently envisioned to have one to five components, depending upon the need for
identifying effects in various sectors of the animal kihgdom. EPA posed a number of questions
to the Subcommittee concerning fh@posed EDSP, comprising Charge elements (d)(1-10).

The response to these questions are provided in the following repbons(3.4.1-3.4.10).

3.4.1 The Two-phase Sorting Strategy
In Charge element (d) (1), the Agency asked if it is reasonable and apfgdpridevelop
and implement a two-phase program, the first phase focused on identifying a substance’s

potential to interact with one or more of the thheemone systems, the second phase to
characterize the effects of concern that interaction with theseone systems might elicit.
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The Subcommitteeupports the proposal to develop a two-phase program for endocrine
disruptor screening and testing (EDST). Further, a formal reevaluation of the screening and
testing process at regular intervals should be part of the program. The purposes of this
reevaluation process would be to evaluate the effectivenessmiotiogols initially adopted for
screening and testing and to adopt new protocols in cases where none currently exist for
identifying endocrine alterations or theefts of those alterations.ddption of new screens and
tests should also mean tHamnation of previous, less useful ones.

The suggestion was made that non-mammalian systems might serve as developmental
screening tests. Amphibians, birds and fish have all been used for developmental screening to
provide an integrative assessment system. The fish and the bird assays seem to be the most
sensitive. Of the three, the basic mechanisms underlying development are best understood in the
bird to date, but some fish (especially zebra fish and medaka species) are rapidly aatabing
the amphibians, the frog embryo teratogenesis assay Xenopus( FETAX ) may be adaptable to a
fully integrative screening assay (Fort, 1995, 1996).

As multiple laboratories are likely to be running the prescribed assays, it is important to
establish procedures for standardization among laboratories and for trainingeafthieians
and scientists who witlun the screens and tests. Significant consideration and planning needs to
be condated on how to ensure intemlaratory standardization.

The task of testing for endocrine-disruptangivity and related potential adverse effects
is at the cutting edge of current science (and some feel that it is aheadtafeloé-the-art),
and that it is therefore particularly important to:

a) be as explicit as possible about the type and significance of gutsdfiat the
tests are attempting to assess.

b) incorpoateupdates of the screening and tespngfocols early and often.

C) focus resources on the weakest scientific links in the screening and testing process
(such as the ability to clearly link the tests to risks of adversetsjt

Finally, the absence of an anticipateda’ from the National Research Council (NRC)
study canmittee on adocrine disruptors made the task of this review Suoioaittee more
difficult from a procedural perggtive. We may need to reevaluate recommendations on the
underlying science for screening and testing once conclusions drawn by the NRC study
committee are available.

3.4.2 Adequacy of the 8eeningBattery
The EDSTAC (1998) recommended, and EPA proposes to implement, a scregtang b

consisting of eight assays, thii@evitro and fivein vivo, to address estrogen, androgen, and
thyroid systems (EAT) edicts. The Agency believes that these eight assays would detect all
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substances currently known to irdet with the EAT, and asked the Subuoittee (in Charge
element (d)(2)) if it agrees with this position. Also, EPA sought advice on making changes in the
battery to assure the identification of substances of potential concern.

It is difficult to evaluate th@roposals provided to the Sulmcmittee wihout a clear
determination of the scope and nature ofgtablem for both humans and wildliféd concise
description of the scope and nature of the problem for both humans and wildlife would be useful
to demonstrate the relationship of the proposed screens to the effects of cdinegern.
Subcommittee agreed that, as a minimum, the Agency must develop an acceptadxis aned
standardization and validation program for all proposed testing methods. The program proposed
is clearly screening more for mechanism than adverse responses. There are other potential
mechanisms in the EAT systems of which we are not fully aware. Thus, the information on di-n-
butyl phthalate (Grayl999a) presented by EPA staff at the publeetng clearly show major
adverse effectgroduced by alterations in the androgen system during development. These
effects might not béound using the screens currently employed in Tier 1. Thisabes that
there are potential critical events that would not be detected witlhutfent screeningditery.

An in utero(orin ovo screen that is recognized as the most sensitive exposure window for
endocrine disruptor event (seecton3.4.) should be tized. The Joint Subcomtbee firmly

agreed that aim uteroassay should be developed by the EPA and that it should be considered as
a substitution, not an addition to the proposatldy. However, it is imperative that it be

validated béore becoming a required assay.

Thus, the screens in whole animals would prowideess to more potential mechanisms
than receptor based screens since these animals would have intact
hypothalamic/pituitary/gonadal or thyroid axes and also have multiple end points in the same
animals related torglocrine disturbances. Moreover, such screens would also provide positive
information on reproductive (and developmental) toxicantsabifor example, diectly on the
gonads via non-endocrine primary mechanisms, such as methoxyethanoléFaktd©86), but
would also affect mdocrine end points subsequent to gonadal damage over several days.

The Subcommittee also suggests that developmentadugesystem endpoints should be
incorported into the screening assays. This coulddme at the level of a “to be developed”
integrative screening assay. In addition, believe that due regard should be given to the dose route
employed in then vivo screens. Some flexibilitthsuld be employed but it was considered that
the most appropaieroute of exposure (that whighimics the typicatoute of exposure in
humans and/or wildlife) be chosen with the oral route being the default exposure route. The use
of the intra peritoneal route, especially for the uterotrophic assay, was considered to be
inapproprate.

Further, addressingchnique, it was not clear why the fish protocol presently being
refined and tested by EPA’s Duluth laboratory specifically says not to use the organ weight
correctedor body weight (organ/somatic index). Thigptice is generically used and
recommended to account for any changes in overall body weight induced by the chemical
treatment. Th@rotocols should be consistent wihch other. Sincexposure to the chemicals
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may well induce changes in body weight as a sgpgghenomaon from any gonad or other
endocrine efcts, it would seem that tipeotocol should be to calate and rport both the raw
organ weights and the body-weight-@mted somatic indices.

The Subcommittee was also aware that there is a huge gulf in terffaripfoemplexity
and cost between Tier 1 screening and Tier 2 testing. The EPA may wish to consider if an
intermediate tier would be warranted that wauidvide valuable information without the
expense of multi-hundred thousand-dollar efforts.

3.4.3 Adequacy of Thyroid Coverage

Interaction with a receptor is the principal or key mechanism by which substamres
their effects on the EAT. There is an exceptihowever, in that this appears not to be the case
for the thyroid-hormone system. Consequently, the Agency asked the JointnButtee to
comment on the adequacy of coverage of the thyroid provided in the proposed scrataigg b
and suggest modifications if need&harge element (d)(3)).

The Subcommittee believes that ffreposed screeningtiery $iould detect alterations
in thyroid function. However, the screens proposed are more general and less robust than those
designed to detect alterations in estrogens addogens. It would be prudent to have thyroid-
hormone-sensitive tests in the screen. Most known thyrotoxicants produce changes in thyroid-
relatedhormones and/or clearance and/or thyroid histology. The proposed EDSTAC screening
process for thyroid hormone appears to address these requirements. Measuring hormone levels
and thyroid histopathology in rats, and amphibian tail resorption, shoelttieély capture the
strongest thyrotoxicants. The Subwmuittee sipports the inclusion of Thyroid Stimulating
Hormone (TSH) and T3 in addition to the measurement of T4, histopathology and amphibian tail
resorptiort. Only the proposed amphibian tail resorption test specifically atedian effect of
thyroid hormones on target tissues.

No data wer@ffered by EPA to support the inclusion of additional tests, other than the
fact that T3 is the biologically actiierm of the hormone, and that an elevation in TSH would
confirm a physiologically relevant reduction in T4 or T3 levels. Td@afom Cook and
O’Connor (in press) showed that for every thyrotoxicant that reduced T3, there were also
changes in T4, which offers dict sipport for the EPA proposal. If the EPA wishes to have the
extra confirmation of a thyroid ef€t(or lack thereof), the Subowonittee would spport the
inclusion of TSH and T3 in addition to the measurement of T4, histopathology and amphibian tail
resorption.

Because few chemicals that alteyroid function do so by binding to thyroidaeptors,
binding assays and gene reporter screens for thyrotoxicants have btedfoonn Tier 1. This

% T3 and T4 are two forms of thyroid hormone, the digits “3" and “4" indicating the number of iodine
molecules in its atomic structure.
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omission is appropate because it would have generated false negddivdsyroid efects.
However, if these receptor assays are to play a large part in priority $ettiagting in Tier 1, it
needs to be recognized that less information about potential thyroid alteratidresavailable
from the Tier 1 screens than is the case for E and A.

There is broad agreement that masbwnthyrotoxicants produce changes in thyroid-
relatedhormones and/or clearance and/or thyroid histology. And the Bubitiee agrees that it
is prudent to have some degree of overlap and complementarity in the screening tests.
Consequently, the same function should be exalliby more than one test. Finally, because
hormone signals are both amplitude and frequency ratetlikignals, and a single tipeint
measurement may not capture or identify an exposuagetethange when one is primarily
measuring a hormone, it is desirable to also measure some downstream functional result of that
hormone. The proposed EDSTAC screening process for thyroid appears to address these
requirements by measuring hormone levels and thyroid histopathology in rats, and tail resorption
in amphibians. These measures shouldatiffely capture the kingest thyrotoxicants.

3.4.4 In utero and In Ovo Screens and Single Dose Screening

EPA would prefer to have a screening battery which included assays contaiimng an
uteroor in ovoexposure component, given the concern about the potentialéotsetin the
developing vertebrate organism. At the timephgposed screenin@tiery was being
assembled, EPA was not aware of the existence of any such screens. The question posed to the
Subcommittee in Charge elemédj (4) asks for comment on any such assays that may exist or
are under development, and that could supplant or complement one or more components of the
proposed screeningtiery? Charge elemefd) (5) addressed EPA preference to coneach
in vivo screening assay using only one dose, selebtedgh the use of range finding studies and
other information. The Agency asked if the Suboottee agreed with the single doggeoach,
and what suggestions it had to modify it. The EPA also sought advice on the possible public
health consequences of these false negatives. The Subcommittee decided that, since the issues
were inter-redted, it would be best to address both elements of the Charge in a single response,
which follows below.

The Subcommittee prefers those tests whiahdle several endpoints into a single "test
unit." The Subcommittee consequentipports the use of gene reporter and binding assays as
part of Tier 1. Problems may be encounterechlise of differences in the specificity of
different cell systems and because of patent control of some asspgraoits. A screen, using
animals exposeih uteroand possibly duringalttaton, is appealing. The Subomittee stongly
encourages the continued development and evaluation of such a protocol. It could replace
several individual assays. No protocol for such a test has beeatedatu validated as a screen
to date. However, such a test is easily developed by taking pieces of gustowpls (see the
discussion in sectio®.4.1). The development of such a protocol would significantly improve
screening effectiveness, reduce the numbers of animals used, and @oaicioverall
efficiency of screening.
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The consensus of the Subcommittee regarding dose fevatsvivo screens was focused
around two issues. First, for those relatively non-toxic agents, the employment of &nsingle
dose (as specified in tiieederal Registe(1998) document, e.g., 1 g/lkg/d oral) was considered
to be appropate. Seond, in other cases where non-specific toxicity could be possible, the
highest dose level tested should elicit some, but not overt, systemic toxicity in line with the
establishment of a maximum tolerated dose (MTD). Asddose level should then be
employed at one quarter of the MTD. The Subcommittee felt that the application of a multiple of
exposure as the highest dose level tested would not be appeaginice xposure dta would
only be available infrequently. The Subawoittee alsdound that false negatives from high dose
exposure were unlikely, since even where multiple mechanisms may be operating at different
parts of the dose response curve, one would naatxp see effects only at low dose levels. A
second lower dose level would also resolve some of these questions.

The potential for identifying edicts at low doses of putativadocrine disruptors was
discussed. In view of the preliminary nature of these potentigligritant findings (see Nagedt
al., 1997), the Subeomittee recommends that EPA continue to remain alert tomfewnation
on low dose effects. The Sulmmittee was pleased to learn that EPApsrsoring a workshop
on this issue in May, 1999.

It should be noted that the current EPA synthesis of the EDSTAC recommendations is
inconsistent on the matter afute of exposure. The uterotrophic assay uses subcutaneous or
intra peritoneal injectin, the Hershberger assay oral gavage, the multi-generation assay uses
diet/oral/inhalation, and no route is identified for the pubertal male and female assays.
Consistency is preferred unless evidence requires otherwise.

An integrative developmental assay using the chicken was proposed (Henshel, 1998,
1996; Henshett al,, 1997). The assay inteqges both a rapid five-day screening poment
with a more complete developmental assessment. Many chemicals that are developmental
toxicants interact with the éyo during organogenesis. Therefore, using muatibns of
established procedures, and modeling the system after the mammalian embryo culture systems,
the avian embryo may provide a useful assay.

3.4.5 Rigor of The Five Compartment Test Protocol Design

EDSTAC recommended, and EPA is proposing, a testing phase in the EDSP which could
have as many as five subject compartments(i.e., mammals, birds, fish, invertebrates and
amphibians). Tests f@ach compartment would be designed to delineate the dpsmses
relationships of effects of concefior chemicals which yielded positive results during the
screening phase. The testing protocols to be used are either upgrades oatioodifof existing
guidelines, except for the amphibian. In this case, a protocol is being devééopedo The
Subcommittee was asked if the planned pestocol designs would provide sufficient rigor to
identify the effects of concern and establish their doggoree relationship for disruption in the
EAT systems (Charge element (d) (6)).
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The Subcommittee believes that the five specified compartimemitishe adecate for
detecting eadocrine medited events in most animal species. However, the Agency needs to be
cognizant that there may be exceptions in some cases (e.g., reptiles, for which there are no EPA
guidelines). The Subcommittee also concluded that many pftpesed tests were valid assays
of endocrine disruptors. They also concluded that methods must be standardized atetiyalid
based on accepted critef@ validation and regulatorgcceptance of toxicological test redtls.

Other tests, however, met with considerable criticism:

a) A more comprehensivén-uterotest batterylsould be assembled to replace
several tests in Tier 1 (see sectiBné.1 and 3.4.4)

b) The Daphnia developmental assay should be considered aa@raphfor the
mysid assay because there is a bettelerstanding of the endocrine mechanisms
in Daphnia (Baldwiret al., 1998; Baldwin and LeBlanc, 1994).

C) The fish assay for endocrine disruption should include the measurement of
vitellogenin in male fishes. Vitellogenin is a yolk precursor protein made by the
liver in response to estrogen in female but normally not in male oviparous animals.
Its detection in male fish is a highly sensitive agsaystrogeniactivity. Many
laboratories have the ability t@tkct vitellogenin by radisnmunoassay in a
variety of species. There are no known barriers to the development of such a
vitellogenin test, although it wouldilshave to be standardized and validd.

d) The fish reproduction assay should include some measure of the reproductive
fecundity of the seicted corpounds. Egg production and developmentatesgs
will detect effects which may not leviously toxic to the organism but might
have detrimental effects at thepulation level. None of the proposed tests with
wildlife detect breeding success. Furthema@sure to a variety of compounds can
alter the sex ratios to favor one sex or the other. Tleetadf the test chemicals
should include an evaluation of the sex ratios of eggs (or other stages of
development) treated with the chemicals.

e) The Subcommittee recommends that the EPA examine the use of the Japanese
quail to substitute for the proposed avian tests on Bob-white quail and mallard
ducks. Japanese quail have the advantage of short generation time and provide a
model with a great deal of bagkgnd information.

f) Although the Tier 2 tests designed to atie hyroid alterations should “identify
effects of concern” they not effectively determine whether thosermone
alterations have adverse effects on the developméuahction of the target
tissues for thyroid hormones. Thus, the proposed tests may beateléaqu
detectinghormone perturbations but they don'’t give information about theeisff
of those perturbations (see additional informatioreiction3.4.6).
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3.4.6 Adequacy of Detection of Critical Bdpoints in The EAT Systems

There could be circumstances in which EPA decides to bypass the screening phase for a
particular agent and go directly into the testing phase. Epjmosing for those cases that the
chemical under evaluation be tested in all five tests. The Agency is asking thenButtee if
the tests in the testing phase will be adgguo detect aknown critical endpoints in the EAT
hormone systems, and what magitions the Subeomittee might recommenharge element

(d) (7))

A central point in the Subcommittee’s discussion was that the tests employed in Tier 2
will be the ones used in risk assessment. The number of tests employed would be dependent on
the use and potential exposure éach chemical. Clearly no single test, mugp of tests, has
the ability to cover altritical endpoints for the EAT systems; they should, however, cover most
endpoints. Many researtéchniques, especially with regard to the thyroid system, are not at a
stage where they can be ready for aygion in a regulatry testing scenario. The
Subcommittee recommends that the ERAutd remain alert for netechniques and end points
to improve testing protocols when these become robust and applicable for routine testing. The
Subcommittee also suggests that specific consideration befgiviinre use of Japanese quail in
the avian reproduction study and the usBaphniaspp. as a useful alteate species for
invertebrates. It was also unclering the discussions if the propogddysid species did indeed
have a functioning EAT system. Since these were the specific endocrine systems laid out in the
EDSP, it would be inapprote topropose a species in which estrogen, androgen and thyroid
hormones did not have a physiological role.

The immedate focus of many of theroposed tests is on mechanisms. The aténgoal,
however, is the capability teetect adverse effects ompreduction and development in a variety
of species. Thus, all chemicals interfering with reproduction and development should be
detected in these test systems, including those whose primary mechanism is not uraandist
in the endocrine or EAT systems. Although the risk assessment for any advessarmdfthe
dose responseathfor that adverse edtct will be provided by these tests, iilvbe unforturate if
all reproductive and developmental toxicants are labeled as “endocrine disruptors.” This issue
further raises the need for a clear definition of an endocrine disruptor -- if ittiedive special
consideration -- as opposed to beirgated as angormal reproductive or developmental
toxicant.

The advent of new test end points (especially for incorporation into the mammalian two-
generation reproduction study) has raised questions about the adversity of specific responses and
the normal range for these end points (e.g. anogenital distance, preputial separation, vaginal
opening). Guidance from the EPA would be especially welcome in these specific areas of
testing.

The Tier 2 tests include few endpoints thdt aetect critical target tissue effects of

thyroid hormone alterations. Such tests are needed to provide suitable information about
whether alterations in thyroid hormones (which shoulddieated by theroposed screening
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and testing) will aféct other developmental,arphological or physiological endpoints in target

tissues. Currently such tests are not available for quick adoption. However, the research
information about these eitts is available and could be used as the fmsievelopment of

such tests at later stages of fiiegram. With resgct to the evaluation ofyroid function, the

proposed Tier 2 tests seem marginally a@eefor providing information to the final program

stages of hazard evaluation and risk assessment. Thus, although the addition of more tests to Tier
2 should not be done lightly, there are serious questions about the adequacy of the thyroid tests
for assessing whether there are adverseffof hyroid alterations.

The proposed Tier 2 tests include some endpoinesiaif by alterations imyroid
function ( e.g. growth). However, the proposed measurements are not very sensitive and most
are ones that involve the ingé&tions of severdlormone systems.

3.4.7 Additional Screening for Agents Initially Found to Be Neyative

EPA wished to know what, if any, additional screening or testing would be required to
assure that an agent is not an EAT disruptor, if the results of any of the testing phase tests are
negative (Charge element (d) (8)) .

The Subcommittee agreed that, if an agefdusd to be iactive in the Tier 2 tests, it
would be regarded as being inactive asraoerine disruptor. This is axiomatic, as the Tier 2
tests were selected to define tmelecrine toxicity of agents found to be potentialtive in the
Tier 1 tests. So the answer to the question posed is that no further testing would be required.

The Members also noted that an agent found t@chiee in Tier 1 tests, but inactive in
Tier 2 tests, should be considered to zeiive as anmdocrine disruptor. In particular, the
positive Tier 1 datah®uld not assume” a life of its own” after the Tier 2 tests are found to be
negative.

3.4.8 Endarine Disruptors and Hazard Assessment

Testing (as opposed to screening) phase takidemtify effects of concern that are the
consequence of endocrine disruption. They may also identégtefbf concern that are not the
consequence of endocrine disruption. Thus, it may not be possildeetmde if a substance is
an endocrine disruptor if it has not been satgd to some or all cgranents of the screening
battey. Because of this, EPA has asked the Saobnuibtee if it is inportant to be able to identify
substances as endocrine disruptors from the standpoint of conducting a hazard assessment, and if
so, why (Charge element (d) (9).

It is important to be able to identify substances as endocrine disruptors from the
standpoint of conducting a hazard assessment. If a compound causes toxicity, it should be
treated like all other toxicants. On the othemdh&knowing that a compound is more toxic to
developing hormonal systems means that the particularly vulnerable populations are more likely
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to be protected. The perception among the Subttiee Members is that hazard assessment
will not likely be impacted, but that risk assessmeiit ve improved.

3.4.9 Validation of The Proposed @eens and Tests

EPA is proposing a validation program in which the maximum validation effort will
consist of conductingach assay in threeblaratories. EPA believes that there currently is a
wide variation in the state of validation of each of pheposed screens and tests, and that the
validation efforts should be tailored feach assay/test amclingly. EPA plans to focus first on
the validation of the mammalian assays, as they are both better developed tian the
mammalian assays and are more directly relevant to meeting the FQPA and SDWA mandates for
a screening program for potential human healtrartga EPA’s prigminary determination of the
areas needing development are: a) the uterotrophic assay; b) the Hershberger assay; c) the
pubertal male and pubertal female assays; d) the mammalian two-generation reproduction test;
and e) the non-mammalian screens and some of the non-mammalian tests.

EPA asked if the Joint Subcommittee agrees with the Agency’s assessmentuofehe c
status of the screens and testsl, df it reached differing conclusions, poovide the background
and rationale for its findings (Charge element (d) (10)).

It was agreed that the new mammalian multi-generation assay protocol would require
validation of itspracticality. It cannot be validtedper sebecause it is an apical Tier 2 test. The
Subcommittee recommended that the validatimukl preceed sequentially. Oneblaratory
should establish prticality, and that resulhsuld then be confirmed in one or two additional
laboratories. An objectiveparaisal of the result of the first run could well iratie that the
protocol is pactical, and the sead phase of validation may be canceled. This point is
important, given the time taken to conduct the assay, and the present need for the assay as the
most informative (Tier 2) test.

The Subcommittee also agreed thatribea mammalian Tier 2 tests, as well as the
mammalian tests, would require formal validation as to thartmalityand
sensitivity/specificity.

The purpose of the Hershberger assay is to quantify thetefbf potential
anti-androgenic and androgenic compounds on the hormone-dependant tissugsmatbee
male rat (Hershbergeet al. 1953). Castatedimmature male rats, reared under standardized
housing conditions, areetated with a potential xebiotic or the vehicle via oral gavage. The
animals are then euthanized and the relevant target tissues are fixed and stained and examined
for histopathology. Serum thyroxin (T4) and TSH is measured,. as is serum Luteinizing Hormone
(androgen measurements are optional). Hta dre then analyzéor datistical significance of
any differences found between theated animals and the controls.

The Subcommittee was concerned that the existing animal assays in Tier | may not be
sensitive to events occurring uniquely in the fetus or in the developingtederanling. The
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development of a limiteth uteroassay is currently under study, and several laboratories are
evaluating the effects of a range ofecrineactive chemicals on sexual development of
perinatal rats and mice (Gray al,, 1999a; 1999b). Uterotrophic efits in the female weanling
rat are already incorpated as an alternative assay in the EDSpA@bosals, and work is being
done on the male weanling at present (Ashby, and Lefevre, 1997aeiGiigy1997).

We recommend that these assays be kept under close reviewaitesttion focused on
the results obtained when testing the activity of the same agents with the different types of assay.
It may be that datailveventually indcate that one or other of these classes of assay can replace
the existing rodent assays in Tier I, but a well coeséd, robust, atabase W be needed bere
such a decision can be made. The Subcommittéersed strongly the continuing evaluation of
endocrine disruption assays that cover the periods tdtgagsand sexual development.

3.4.10 Subcommittee Recommendations tblelp EPA Meet its Charge

The final element of the Charge (d) (11) asked the Joint Subitteefor any other
suggestions or recommendations that would help EPA meet its charge.

The body of this report provides specific recommendations concerning the screening and
testing of endocrine disruptors, as posed by the Charge. The foll@eitigsof this rport
contains a summary of our major findings and recommendations including some issues not
included in the Charge which arose during the Soimittee’spublic meeting and/or the
development of this report..
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4. MAJOR FINDINGS AND RECOMMENDATIONS

This section highlights a variety of recommendations and concerns discussepddiithe
meeting, or generatetliring the preparation of this report. These findings are:

a)

b)

Evaluating the Program: We wish to reinforce the comments concerning the
lack of on-going program evaluation noted@ttson3.1.1 of this report. We find

no provision for mid-course evaluation or iopzation of theprocess. The

Agency is mandated to assemble and evaluatpthgsed panel of tests and

then to implement them, but a coat reponsiblity is to make sure that what's
being done is the best that can be. Edmund Burke’s “You can never plan the
future by the past,” and Robert Burns’ “The best-laid plans of mice and men oft
gang agley.” both apply here. For example, evaluation of minced testis and
minced-ovary assays finds them to be only 50%aiife in identifying

compounds that inhibited steroid biosynthesis (Pogtlial, 1998). Although
something looks fine on paper or in a small reseagtting, translating it into
volume-screening mode may be quite another thing. There was broad support
among the Subcommittéer the concept that the Agency should convene a panel
of independent scientists to review all the screeningfdatz0-100 compounds,

with an eye towards revising the process and eliminating tho$edsethat don’t
work. The dictum that, the more removed a screen is from a whole model, the
more wrong the answers are likely to be, also supports the need for such a review.

Finally, we believe that the regulated community andotlitgic interest groups
would be more willing to particgte if they knew that the system was going to be
optimized as iproceeded. The Agenchiauld have one or more evaluations of
the process as we proceed with this, and the Samittee stongly encourages
this.

Mixture Issues: Discussions at the public meeting focused on whether to include
mixtures in the listing of materials to be screened and tested. ThenSulbtse
agreed that the initial focus of the methods development effort mastsarily

focus on single compounds and leave the question of testing of mixtures until
accepted single-cgmound methods have been coetp. However, Agency
representativegnderscored the need to apply the methods to testing of effluents
and source waters which avbviously complex mixtures. The Sulmcmittee
concluded that very promising methods already exist in the field of ecotoxicology.
These include the Whole Effluent Testing (WET) and Toxicity Identification
Evaluation (TIE) procedures developed by the Agency in concert with the Society
for Environmental Toxicology and Chemistry. Those methods have been
developed to test effects of effluents and would have direct application to the
Endocrine Disruptor Screening Program.
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d)

f)

Q)

Case StudiesThe Subcommitteerstngly encourages the Agency to include
more and bettedetailed case studies in the evolution of the priority-setting
scheme. Case studies will enable a realistic test of the scheme, checking
sensitivity of the system and its workingapticality to actually prioritize
chemicals for further testing.

Sub-population Compartment: The question of the need for a segtardefined
compartment to address sub-populations (i.e., human infants) was addressed to
the Subcommittee. Our conclusiongpported the use of sub-populations as a
criterion within the existing compartments already identified, but not as a separate
stand-alone compartment.

Use of IRIS: The priority testing scheme relies on the use of several databases
summarizing the environmentalté and effects of chemicals. Caution was
expressed by several members of then@dtee that there are nunoais

problems with the validation of IRIS and othetabases as well. Bee placing
heavy reliance on these computerized information systems, users need to be
aware of these validation problems andgered with caution bere incorporating
these data at their face value.

Exposure: Although the issue was not explicitiiated in the Charge, the
Subcommittee x@ressed concern that consideration of the toxicological
implications of &posure should include both dosedtiming of exposure,
particularly with respect to developmental gon@ductive events. The current
scheme does not adequately cover the time aspexposere and this needs to
be remedied before broad-scale aggilon of the pproach. e of exposure. The
current scheme does not adatply cover the time aspect ofposure and this
needs to be remedied before broad-scale @gifn of the pproach.

Use of Animals:During the public meeting, concern wagpeessed about the

large number of animals that would be needed in the EDSTAC program. The
Subcommittee was asked whether alternatives pptbaches to mimize animal

use had been approgtely considered in developing thetocols. The
Subcommittee pointed out the essential role animals play in tests to detect
endocrine disruption to reveal adversesefé on humans. There are no

substitutes for tests currently available for the Tier 1 or Tier 2 tests using animals.
Because of the complexity of the biological systemslved in endocrine

disruptor eétecton, animals vl remain a cessary model for the foessable

future. Additional comments by Subcommittee Members and others described
protocol or method modgations which would be less expensive, faster and use
fewer animals. The Agency has an obligation to conserve all resources in
developing new testing protocols, and the use of animals in such tests poses both
ethical and practicadroblems
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h)

)

k)

Need for an Introductory Statement: The previous EDSTAC meeting suggested
that the final document needed, as a introductecyia, a description of the

problem or the scientific or health-based reason for the EDSTAC program (1998).
Although the anticipted NAS/NRC rport is exgcted to ddress this issue, the

Joint Subcommittee now urges the EDSTAC team to include a description of both
the health and ecological problems asst@d with &posure to the endocrine
disruptors and to show how the progranates to these findings.

Support for Decisions Decisions about which assays arestdd, and which
protocols are adopted for those assays, should be supporteditasitinat are
generally available.

Exceptions Testing strategiesilvalways have exceptions. Careosild be taken

to be aware of the imperfect nature of any future agreed strategy. In particular,
there is the present danger that the two chemicals dibutyl phthalate (DBP) and
methoxychlor (MC) Wl have anundue influence on the future. Thatsis of

DBP as an anti-androgen (Grayal., 1999c; Bulgeet al,1978) has yet to be

fuly documented.. MC is sometimes reported as beaxgiwefor in vitro

estrogenicity assays, thereby providing egedentor using animals in a

screening mode. However, this chemical has been published as being active as an
estrogen in vitro (Ashby, 1997b).

Negative Control Agents There is a need to define and agree on some negative
control agents for ED assay validation. It has been suggested that the only valid
one at present is diethyl phthalate. (Fost8B80). This position is supported by

the fact that it gave negative results in a full apdatedodent multi- generation
study at the National Institute of Environmental Health Sciences (Chapin, 1997).
However, this view is questioned by work in progress by Ashby and by Gray
indicating positive activity.Assay specificity W not be capable of assessment
unless additional reliable negative agents can be found and made available for
general study.

Animal Tests and Routes of ExposureAs noted above, MC stands alone as the
only precedentor why animals should be used in the screening mode (Tier 1).
There is significant international concern on the proposed use of animals for
screening. Ashby and Lefevre (1997a) proposed that short term animal studies
should be recognized as an internag¢eliTier, much as happens now with the
anticipation of animal carcinogens [scr@BIvitro, assess in short tenm vivo

assays, and then define in lifetime bioassays]. In this role of hazard assessment (as
opposed to hazard definition) biologically relevant routes of exposure would be
indicated(oral gavage, diet, ater, inhalation, skin painting). At present, use of

the subcutaneous injection or intra peritoneal injeatanes are recommended in
the frail quest of increasing assay sensitivity. In fact, irrespective of the outcome
of this suggestion it should be noted that the current EPA synthesis of the
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EDSTAC recommendations is inconsistent on the mattesuté of exposure --
the uterotrophic assay uses subcutaneous or intraperitomeibimj the
Hershberger assay oral gavage, the multi generation assay uses
diet/oral/inhalation, and no route is identified for the pubertal male and female
assays.

The main contributors to differences in test outcome between assaystezhitiu
vitro and assays in rodentdle delivered dose, pharmaatynamics, and
pharmacokinetics. Route of exposurié ominate these factors. The ultimate

role to be adopted for animal studies, and the route of animal exposillreay&/

the greatest impact on the successful implementation of the EPA initiatives in the
area of endocrine disruption.

Expanding the Universe of AgentsDeveloping massive amounts of screening
information on a large universe of chemicals does aoessarily expedite the
development of the appropte scientificunderpinning that the Agency needs to
broaden this effort. Consequently, the Suhgiitee recommends that EPA
should not expand the set of agents until the Agency develops or adotedalid
systems and can provide clear decision criteria.
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